Summary and conclusions A patient with rheumatoid arthritis developed severe exacerbation of symptoms 18 hours after an injection of gold thiomalate (sodium aurothiomalate). Immune complexes were present in his serum and synovial fluid; in the synovial fluid they were associated with intense complement activation. The effect of gold salts on splenic reticuloendothelial function was determined by measuring the clearance of heat-damaged erythrocytes from the circulation. Gold thiomalate (50 mg) substantially delayed clearance in the patient but had no effect in four other patients with rheumatoid arthritis who had not had a postinjection reaction. Severely impaired clearance also occurred in three out of four healthy people given 100 mg gold but they remained asymptomatic.
The postinjection reaction may be an immunecomplex disease that is triggered in certain patients because gold transiently inhibits reticuloendothelial function.
Introduction
Gold is well established for treating rheumatoid arthritis, and in several clinical trials1-3 treatment not only reduced symptoms but slowed or even halted the disease. The major limiting factor of gold is the incidence of toxic effects: mucocutaneous manifestations are the commonest, but other side effects such as marrow depression and the nephrotic syndrome are well documented. A side effect that has not been well defined is the transient increase in rheumatic symptoms after the injection of gold-the so-called non-vasomotor postinjection reaction. These reactions are usually mild but occasionally may be so severe that treatment is stopped prematurely. We have investigated a patient who had a severe postinjection reaction and present here evidence suggesting that the side effect is initiated by a pronounced inhibitory effect of gold thiomalate (sodium aurothiomalate) on the reticuloendothelial system.
Case report
A 48-year-old man with seropositive nodular rheumatoid arthritis resistant to non-steroidal anti-inflammatory drugs began treatment with gold. He was given a test dose of gold thiomalate (Myocrisin) 10 mg intramuscularly and a week later received 50 mg. Next day he felt generally unwell: the arthralgia and joint stiffness were much more severe, and effusions were noted in knees and ankles. He was confined to bed for 24 hours and did not fully recover for three days. During the illness his general practitioner prescribed chlorpheniramine (Piriton) formed two weeks after injecting 50 mg gold, and the second five hours after injecting a similar dose. Even though he had received a total of 610 mg gold thiomalate his initial clearance time was normal (t! 10 min); the result of the second clearance study, however, was grossly abnormal (t-120 min; fig 2) . 
Results
The patient was rechallenged in hospital with a second dose of gold thiomalate (Myocrisin) 50 mg intramuscularly. Eighteen hours later he complained of severe joint pain and muscle tenderness and a large effusion was noted in his left knee. Over 950°of the cells in this fluid (total cell count 0 3 x 106/1 (30 000/dl)) were Table II gives the results. Gold delayed the red-cell clearance in three of the healthy subjects, in two of whom the t' was substantially increased. Gold had no effect on red-cell clearance in the four patients with rheumatoid arthritis, even though two had prolonged clearance times before starting treatment. One of the healthy subjects was also given 100 mg gold thioglucose (Aureotan) and the red-cell clearance again determined five hours later. Gold thioglucose was much less effective than gold thiomalate in delaying the clearance of damaged red cells. 
Discussion
Patients with rheumatoid arthritis often report a transient worsening of symptoms after an injection of gold salts. Most reviews on the toxic effects of gold, however, either do not mention this side effect or suggest that the postinjection reaction is uncommon or not important. A report of a recent study on 100 patients with rheumatoid arthritis who were admitted to hospital for chrysotherapy challenged this view and drew attention to the relatively high frequency and severity of these reactions and the beneficial effects of substituting gold thioglucose for gold thiomalate.' The pathogenesis of the syndrome is not known, although the similarity between the symptoms of rheumatoid arthritis and a postinjection reaction suggests that gold exacerbates an already existing disease. Indirect evidence supporting this view is derived from the immunological findings in the synovial fluid aspirated during a postinjection reaction; these are identical with those in active rheumatoid arthritis.9 "°T he clearance of heat-damaged erythrocytes from the circulation provides a simple and reproducible way of determining the activity of the splenic component of the reticuloendothelial system," and we used this method to investigate the in-vivo effects of gold on the system. Our results show clearly that therapeutic doses of gold thiomalate delay the clearance of heatdamaged erythrocytes and that the clearance times are comparable to those in patients who have undergone splenectomy. '2 We do not know how long this suppression lasts, but in the present patient damaged red cells were found in the circulation 18 hours after the injection of gold. We also do not know how gold delays the red-cell clearance, although available evidence suggests that it inhibits macrophage function rather than influencing splenic blood flow. Gold accumulates in phagocytic cells'3 14 and impairs the ability of these cells to ingest particulate material. Sequential studies on man using a modified skinwindow technique also showed a transient and reversible inhibition of macrophage phagocytic activity after the injection of gold.15 Several in-vitro studies showed that gold thiomalate is a powerful inhibitor of both antigen-triggered and mitogentriggered lymphocyte DNA synthesis,""-and careful analysis of this phenomenon showed that its inhibitory effects are directed against the monocytes present in the culture system.20
If gold also impairs the ability of the macrophage to remove immune complexes from the circulation then it would temporarily disturb the equilibrium between their formation, deposition, and removal and lead to an increased quantity of immune complexes deposited in the tissues. It is unlikely that the synovial membrane would provide a physical barrier to the intraarticular accumulation of circulating immune complexes, since large complexes of IgM rheumatoid factor, and IgG equilibrate rapidly between the blood and synovial fluid.21 Defective clearance of locally formed immune complexes might also contribute to the high concentrations found in the synovial fluid. Either or both of these mechanisms may have been responsible for the high concentration of immune complexes seen in this patient's synovial fluid and might have initiated a local inflammatory response by activating the complement system. That inhibition of reticuloendothelial function may be important in producing a postinjection reaction is supported by the observation that gold thioglucose, an oily suspension of gold, is much less potent in delaying the clearance of red cells. Although more information is clearly needed, it may nevertheless partly explain why this preparation abolishes or reduces the severity of the postinjection reaction induced by gold thiomalate. We can only speculate whether these differences are attributable to the higher serum gold values achieved after the injection of gold thiomalate or to differences in the biological activity of the thioglucose and thiomalate moieties.
Two factors therefore appear to be necessary before patients develop a postinjection reaction: inhibition of reticuloendothelial function by gold and the presence of circulating immune complexes. If the gold does not inhibit the reticuloendothelial system even when injected into patients with circulating immune complexes it will not produce any exacerbation of the patient's symptoms. Nevertheless, other factors, as yet unidentified, are clearly necessary for the expression of this syndrome, since the patient developed only two reactions even though immune complexes were present in the circulation for several months and he received weekly injections of gold. Factors regulating capillary permeability might be particularly important, since they would influence the tissue deposition of immune complexes. Capillary permeability is increased in rheumatoid arthritis,2I 23 and in experimental animals histamineinduced changes in permeability are important in allowing immune complexes to localise in the walls of blood vessels and in the tissues. 24 The raised concentrations of ClqB but not KgB complexes during the time the patient was receiving antihistamines were indirect evidence that histamine-induced changes in vessel permeability may selectively change the distribution of immune complexes between the intravascular and extravascular spaces. Other actions of gold, however, such as its inhibitory effects on lysosomal enzymes or complement activation might also determine the number of postinjection reactions experienced by the patient. Study of implicated dairy-A large proportion of patients reported using certified raw milk from one dairy (dairy X). Thus a study was conducted to identify and remove any salmonella-infected cattle from the two herds totalling 3100 milking cows owned by this dairy. In
